Abstract: Anthropogenic nutrient enrichment has resulted in significant changes in food web structure. Although such changes have been associated with the loss of diversity and ecosystem services, little empirical work has been done to study food webs of similar systems across a nutrient enrichment gradient. We examined 11 seagrass beds along a gradient of increasing δ 15 N of primary consumers, where δ 15 N is used as an indicator of sewage-derived nutrients. Observations across this gradient revealed corresponding increases in consumer density and changes in distinct functional groups, whereas consumer diversity, seagrass canopy, and macrodetrital biomass decreased. However, maximum overall primary consumer diversity and minimum density occurred at intermediate levels along the nutrient gradient. We hypothesize that higher species diversity at low to moderate levels of nutrient enrichment depends on the persistence of grazer-resistant seagrass. This seagrass canopy, and the significant macrodetritus it generates, facilitates a variety of food and shelter resources. Overgrazed and simplified habitats may occur when densities of generalist urchins, capable of direct producer consumption, are no longer controlled through competition, predation, and intraguild predation. We hypothesize that high and stable urchin populations appear possible with the increased availability of allochthonous phytoplankton and associated particulate detritus that is a well-known consequence of nutrient enrichment in aquatic systems.
Introduction
A number of researchers have highlighted how widespread anthropogenic disturbances, in particular nutrient loading, often leads to drastic changes in ecosystems (Hughes 1994; Jackson 2001; Scheffer et al. 2001) . More importantly, they have found evidence that once the ecosystem is altered, it may become very difficult to return the system back to its original state by simply reducing perturbations (Scheffer et al. 2001) . The "catastrophe" ecosystem theory that emerges from this research suggests that major functional groups in the food web also change dramatically and in doing so drive ecosystem level changes that feed back to maintain the system in this new altered state. As an example, lake research-ers have found that eutrophication of small lakes initiates a switch from benthic to pelagic (i.e., phytoplankton) dominated production, frequently flipping the lake from a clear state to a turbid state (Carpenter et al. 1999; Vadeboncoeur et al. 2003) . Among other physical changes, this turbid lake state diminishes light penetration, possibly preventing benthic macrophytes of the clear lake state from returning. Such examples suggest that we must begin to understand how food web structure and function are altered across environmental gradients, especially gradients that reflect human development through time (e.g., nutrient loading, fragmentation, etc.).
Coastal marine ecosystems may be especially prone to the effects of human development as urbanization, organic runoff, and associated nutrient loading tend to be most dramatic on coasts (McClelland et al. 1997; Cloern 2001) . As with lakes, increased nutrient inputs may play a major role in restructuring the food web. Recent theory on the role of such inputs (i.e., allochthonous forms) suggests that generalist consumers frequently tap into these alternative energy supplies, fuelling significant changes in the dominance of species in these food webs (Polis and Strong 1996) . A welldocumented example of this phenomenon is seen by the tremendous influence of migrating snow geese (Chen caerulescens caerulescens) on the Hudson Bay lowlands (Jefferies 2000) . Geese have exploited agricultural subsidises in winter feeding areas leading to increases in populations. Subsequent negative effects of the subsidy are seen in the fragile summer staging, nesting, and brooding areas with loss of vegetation, declines in shorebird densities, and losses of soil invertebrate assemblages (Jefferies et al. 2004 ). Furthermore, the donor-controlled aspect (i.e., consumers not affecting resource renewal rate) of these interactions with generalist consumers may frequently be stable (Huxel and McCann 1998) , despite the fact that increased generalist consumer density drives heightened suppression (e.g., overgrazing) of important autochthonous resources (e.g., detritus).
In addition, food web ecologists have largely ignored the role that detrital pathways play in the diversity and structuring of food webs (Polis and Strong 1996; Moore et al. 2004) . Detritus and associated pathways form rich alternative energy sources, drive nutrient recycling, and provide complex habitat structure that should influence diversity, community structure, and dynamics (Wetzel 1995; Moore et al. 2004) . Food web ecology lacks a well-developed theory for the role of detritus (although see DeAngelis 1992), yet few empirical studies have been carried out to elucidate the patterns in detritus-based food web structure of ecosystems.
The extensive exploitation of marine species within the Caribbean seagrass -coral reef -mangrove habitat complex over the last three centuries has resulted in major changes in food web structure (Hughes 1994; Jackson et al. 2001 ). More recently, nutrient loading resulting from increases in human populations and associated urbanization along coastlines has also been identified as a significant issue in the degradation of Caribbean marine habitats (Duarte 1995; Short and Wyllie-Echeverria 1996; Jackson 2001) . During this same period, the generalist herbivorous urchin Lytechinus variegatus has been observed overgrazing detritus and living seagrass (Camp et al. 1973; Valentine and Heck 1991; Rose et al. 1999 ). The loss of traditional seagrass systems, known to support structurally complex detritus-based food webs, would negatively affect species diversity and a number of ecosystem services (Short and Wyllie-Echeverria 1996) . Such services include their use as nursery and foraging habitats, nutrient recycling, sediment stabilization, and export of significant production to mangroves, coral reef, and openocean food webs (Jackson 2001; Duarte 2002) .
Perhaps because of the limited nature of food web data, little effort has been spent on comparing food webs of a similar system across environmental or disturbance gradients. However, such empirical analysis could significantly aid in our understanding of how ecosystems and food webs change with respect to modern anthropogenic influences (McCann 2007) . In this study, we will examine the response of seagrass food web structure along a gradient of nutrient enrichment. Such a gradient may indeed encompass other historical disturbances (i.e., overfishing), with coastal eutrophication being perhaps the most significant anthropogenic process occurring in coastal waters (McClelland et al. 1997; Grall and Chauvaud 2002) . We show increases in the level of δ 15 N enrichment within components of seagrass food webs as a function of human population densities within watersheds. Such enrichment is consistent with high levels of wastewater, including organic matter and inorganic nutrients, being delivered from watersheds to nearshore ecosystems. We then empirically consider how altered nutrient levels correlate to attributes of seagrass community structure, including abundance of benthic resources, with special attention to seagrass macrodetritus and mega-invertebrate consumer functional groups. We will show that seagrass communities become greatly simplified or homogenized with increased nutrients such that these impacted ecosystems have reduced seagrass canopies, little, if any, seagrass detritus, low animal diversity, and substantially increased densities of generalist consumers (i.e., sea urchins).
Materials and methods

Human populations and nutrient enrichment
The enrichment of the naturally occurring heavy isotope of nitrogen ( 15 N) from food source to consumer allows the trophic position of organisms from a wide variety of taxa to be determined with reasonable confidence (Peterson and Fry 1987) . Consumers acquire stable isotope signatures through their diet, with nitrogen stable isotope (δ 15 N) pools of animals enriched by 3.4‰ ± 0.3‰ relative to their diet (Minagawa and Wada 1984; Peterson and Fry 1987) .
In the past, comparisons of trophic structure across systems were complicated by variation in δ 15 N at the base of food webs. The C:N of diets, form of nitrogenous waste excreted, and other sources of variation may yield differences in δ 15 N fractionation, although the exact mechanism of this variation and the direction of such change remains unclear (Adams and Sterner 2000; Vanderklift and Ponsard 2003) . However, among-lake comparisons of large and long-lived primary consumers have illustrated that δ 15 N increases significantly with human population densities in watersheds (Cabana and Rasmussen 1996) . The high trophic position of humans, expressed through sewage-derived nutrients as well as enrichment due to microbial processing, is reflected in the receiving bodies of water and resident organisms at all trophic levels. Various studies now suggest strong links between land use in watersheds and benthic food webs (producers and consumers) and specifically that δ 15 N values may be used as suitable indicators in the detection and relative quantification of increases in sewage-derived nutrients (McClelland et al. 1997; Cole et al. 2004; Martinetto et al. 2006) . In fact, labile nutrient concentrations (e.g., nitrate and phosphate) may not indicate significant differences across well-documented gradients of eutrophication (Green and Webber 2003) . Therefore, for the remainder of this paper, we assume that increases in δ 15 N enrichment of primary benthic consumers are consistent with increases in sewagederived nutrient enrichment to coastal habitats that is a function of increasing human population densities in watersheds. We have therefore used the δ 15 N signal of long-lived, ubiquitous benthic primary consumers (e.g., Pinna carnea, Lytechinus variegatus, Oreaster reticulates, Strombus gigas) of limited mobility to establish a gradient of nutrient enrichment across 11 sites in Barbados, Dominican Republic, and Panama (Table 1) , where we examined attributes of seagrass communities. These sites were haphazardly chosen from accessible locations and represent a range of commonly observed conditions across the region. Human population densities, correlated with δ 15 N signals, were calculated using watershed areas and human population from the best available topographic and population maps, as well as government census data. This relationship was tested for significance using statistical components of Sigmaplot 2001 version 7.0 (SYSTAT 2001 . Additional sites in the Dominican Republic (N = 2) and Haiti (N = 2) were examined only for δ 15 N signatures of benthic producers and consumers in relation to human populations in adjacent settlements because of logistical constraints. A further five sites were eliminated because of sediment runoff induced zero visibility or high wave energies (see below).
Tissue samples of invertebrates were collected during transect surveys. Muscle tissue was sampled from molluscs, and soft tissues were extracted from echinoderms. All samples were dried for 24 h at 80°C, ground to a fine powder, and packed into 4 mm × 6 mm tin capsules. Stable isotope analyses were performed on a mass spectrometer at the G.G. Hatch Laboratories, Department of Earth Sciences, University of Ottawa (Ottawa, Ontario). Replicate samples (N = 24) showed good technical precision for δ 15 N signals (standard deviation (SD) = 0.19‰).
Community structure across the gradient
Macrophyte biomass and mega-invertebrate density surveys were conducted using transects and quadrats in 11 distinct seagrass beds in Barbados (N = 1), Dominican Republic (N = 7), and Panama (N = 3) ( Table 1 ). All sites encompassed large areas of seagrass habitat within several hundred metres of the coast and were selected to reduce the influence of acute physical disturbance (i.e., wave energies). This was accomplished by avoiding the three highest wave exposure categories in which coasts are exposed to strong prevailing winds and (or) long fetch with little if any offshore break (Hiscock 1996) . Where such physical disturbances are frequent and (or) intense, top-down and bottomup forces may become relatively unimportant in structuring the community. Specifically, intense flushing by wave actions may significantly reduce the influence of increased nutrients. Standardized, 60 × 3 m transects, two to six per site, were conducted using SCUBA or snorkel within the seagrass beds in depths of 2-7 m. Macrophyte biomass and associated detritus was measured within 0.0625 m 2 (0.25 × 0.25 m) quadrats placed at 20, 40, and 60 m along each transect. All aboveground macrodetritus (up to 1 cm 2 ) and living macrophytes (seagrass (Thalassia testudinum, Syringodium filiforme); macroalgae (various genera, e.g., Halimeda, Penicillus, Avrainvillea)) were hand-collected, separated, dried for approximately 24 h at 80°C, weighed (±0.01 g), and expressed as grams dry mass per square metre (g DM·m -2 ) and percent biomass. Mega-invertebrate densities (number of individuals per hectare) were determined within the transect area of 180 m 2 by carefully searching through macrophytes and surface sediments. Consumer diversity indices were calculated using the Shannon (log e ) and Simpson (1 -λ) methods. Consumer functional feeding groups were established as follows: (a) epiphyte -detrital specialist, gastropods (Strombus gigas, S. costatus, S. raninus, S. pugilus); (b) generalist herbivores, regular urchins (Lytechinus variegatus, Tripneustes ventricosus, Diadema antillarium); (c) subsurface deposit feeders (irregular urchin Meoma ventricosa, sand dollars); (d) surface deposit feeders (sea star Oreaster reticulatus, sea cucumbers), and (e) suspension feeders (bivalve Pinna carnea, benthic jellyfish Cassiopeia spp.). Although some invertebrate predators-scavengers (gastropods Murex spp., Pleuroploca gigantean) were encountered and included in the calculations of diversity, low abundances overall (<0.22% of total mega-invertebrate abundance) precluded the construction of useful patterns of distribution across the nutrient gradient.
Regressions and model fitting
All regressions of resources and consumers, including consumer abundance and diversity, were made across the gradient of increasing nutrient enrichment established from mean δ 15 N values of Pinna carnea at sites as a function of human population density (Table 1) . Regressions were made using arcsine square root transformed percentages of resource biomass (g DM·m ) and consumer density (individuals·ha -1 ). This double analysis was undertaken to address the potential problems of constraints in the covariance and correlation structure and subsequent interpretation linked to the use of compositional data (Jackson 1997) . However, given the fact that similar patterns were established using both types of data, only the compositional data are presented. Statistical evaluations of regressions were made using Sigmaplot 2001 version 7.0 (SYSTAT 2001). Because many of our regressions showed potential for parabolic behaviour, we fit all regressions using both linear and quadratic equations and then employed an F test of significance of the quadratic term (Zar 1999 nificant (P < 0.05) results of which are presented as part of the figure captions.
Multivariate analysis
Nonmetric multidimensional scaling (nMDS), generated from a Bray-Curtis similarity matrix, was used to describe changes in arcsine square root transformed consumer functional group compositional data (% individuals·ha -1 ) across the nutrient enrichment gradient (Clarke and Warwick 2001) . The arrangement of abundance data (i.e., transects) has points most similar in functional group composition clustered together. Permutation-based hypothesis testing (analysis of similarity, ANOSIM) was used to detect differences within and between clusters of transects defined a priori as being exposed to low (<4), moderate (4-6), and high (>6) levels of enrichment based on mean δ 15 N values of Pinna carnea at a site. The key outcome of ANOSIM is the R statistic, which ranges between -1 and +1, with a value of zero indicating that no difference between two groups is likely. Subsequently, similarity percentages (SIMPER) was used to identify consumer functional groups that provide similarity within a cluster and primary discrimination between two observed sample clusters (Clarke and Warwick 2001) . Finally, the environmental variables (i.e., arcsine square root transformed macrophyte and associated detritus biomass data, g DM·m -2 ) that best explained the observed patterns of consumer functional group composition were accomplished by maximizing a Spearman rank correlation between the Bray-Curtis similarity matrix for consumers and the Euclidian distance matrix for resources (BEST). All multivariate analyses described above were completed using PRIMER version 6.1.4 (Clarke and Gorley 2006) .
Results
Nutrient enrichment gradient
A substantial and significant (P < 0.026) increase in δ 15 N occurs within tissues of benthic organisms as human population density increases (Fig. 1) . The strong positive relationship holds true for representatives of a number of benthic primary consumer functional groups ( Fig. 1; Table 1 ). This pattern likely reflects the high levels of wastewater, including organic matter and inorganic nutrients, being delivered from the adjacent watershed to nearshore zones and is in good agreement with previous studies (McClelland et al. 1997; Cole et al. 2004; Martinetto et al. 2006 ). Hence, perhaps not surprisingly, high human densities are strongly correlated to high levels of nutrient enrichment. In addition, a number of other sites in the Dominican Republic and Haiti, where quantitative benthic surveys were not possible because of logistical constraints, displayed increasing δ 15 N signatures of benthic producers and consumers with increasing urbanization and human populations (Table 2) .
Community structure across the gradient -regression analyses
At the broadest level, fairly distinct patterns emerge among mega-invertebrate density and diversity across the nutrient enrichment gradient. First, an obvious and dramatic increase in total mega-invertebrate consumer density (log(total individuals· ha -1 )) is apparent (Fig. 2a) . These densities are extraordinarily high, peaking at over 163 000 individuals·ha -1 and comparable with other examples of runaway consumers studied in the literature (Rose et al. 1999; Jefferies 2000) . Such high grazer densities are accompanied by a strong decrease in the overall diversity of mega-invertebrate consumers (Fig. 2b) . The maximum mega-invertebrate consumer diversity and minimum density both occurred at intermediate levels along the nutrient gradient.
To further explore these patterns, we first examine the relative changes in the percent composition of benthic resources across our nutrient gradient (Fig. 3) . At low nutrient enrichment, secondarily colonizing Syringodium is mixed with the "climax" seagrass Thalassia and associated macrodetritus (Figs. 3a-3c ). The increase in consumer abundance at higher nutrient enrichment (Fig. 2a) is accompanied by a dramatic decrease in the relative composition of seagrass macrodetritus and Syringodium (Figs. 3a, 3b) , whereas Thalassia, known to be less edible because of structural components including lignin (Cebrian and Duarte 1998) , was found to increase significantly (Fig. 3c) . No significant trends in macroalgae biomass were observed (Fig. 3d) .
The detailed patterns of relative changes in the percent consumer composition superimposed on that of the benthic resources finds competitive specialists declining dramatically while generalist consumers ultimately increase and become dominant (Figs. 4a, 4b ). This suggests that generalist consumers may be better able to utilize alternative resources (i.e., opportunistic autotrophs) that increase production in the anthropogenic-induced eutrophic environment. Further, as nutrient inputs begin to increase and the origins and types of detritus change (benthic to pelagic), subsurface deposit feeders also decline (Fig. 4c) . Simultaneously, both surface deposit feeders (Fig 4d) and suspension feeders (Fig. 4e) alist echinoids are most abundant (>66 000 individuals·ha -1 ). It is worth noting a range of low density in generalist echinoids (Fig. 4b) corresponding to peaks in both surface deposit feeders and suspension feeders at intermediate ranges of enrichment.
Multivariate analyses
The primary consumer functional group communities along the nutrient gradient are spatially separated on the nMDS plot into low, moderate, and high enrichment clusters (Fig. 5 ). Significant differences between the three a priori defined groups of sites were found (Global R = 0.879, P = 0.001). The low enrichment sites were significantly different from the moderate (R = 0.756, P = 0.008) and high (R = 1.000, P = 0.048) sites.
Average similarities (SIMPER) within the three enrichment clusters were 79.8%, 72.6%, and 90.6% for low, moderate, and high enrichment clusters, respectively. Furthermore, each enrichment cluster's similarity was dominated by different consumer functional groups (Fig. 5) . Finally, the BEST routine revealed that detritus biomass alone explained 58% of the pattern of consumer functional group abundance across the gradient, whereas a combination of detritus and Thalassia biomass gave the best overall explanation (>66%). Finally, the absolute mean values for the suite of benthic macrophyte resources (macrodetritus, Thalassia, Syringodium) are all quite different for each of the nutrient enrichment clusters (Fig. 5) . The total biomass of macrophytes, including macrodetritus, declines, whereas the Thalassia component is largely maintained (Fig. 5) . These gradual losses within the seagrass canopy begin to remove important habitat structure and food resources. These results also suggest a compensatory response by Thalassia to the increased nutrient additions and consumptive pressure on Syringodium and macrodetritus by the increasing density of generalist consumers. However, at the highest levels of enrichment, Thalassia, the only remaining structure, also shows signs of reduction as long-term decreases in water quality (Vermeer 2000) and high generalist consumer density take their toll.
Discussion
Given the increasing levels of anthropogenic activities occurring in all ecosystems, it is prudent to begin examining similar systems across a gradient of such disturbances that may capture both subtle and dynamic thresholds of change that may be otherwise overlooked. Our analysis reveals that Caribbean seagrass communities become greatly simplified or homogenized with increased anthropogenic sources of nutrients and associated urbanization. Past theory and empirical evidence illustrates that declines in diversity lead to increasing simplification of ecological communities (McCann 2000) . The patterns of increasing mega-invertebrate abundance (i.e., density) and decreasing diversity across the nutrient gradient are also in agreement with well-known empirical models (e.g., Pearson and Rosenberg 1978) of soft sediment communities. More broadly, the high consumer diversity and corresponding low consumer abundance at intermediate nutrient levels are consistent with the "intermediate disturbance hypothesis" (Connell 1978; Huston 1979) . In this case, one must accept moderate levels of chronic nutrients as a disturbance facilitating low rates of competitive displacement and (or) periodic population reductions. Nonetheless, the distinct patterns of consumer abundance and diversity only partially describe the general dynamics of enrichment that have been observed in other studies (Weston 1990; Savage et al. 2002; Cardoso et al. 2004 ). In these seagrass systems, such patterns are accompanied by changes in the structure of the canopy, including a dramatic decrease in macrodetrital seagrass biomass and associated shifts in consumer functional groups. Although only a correlation, it strongly suggests that the three-dimensional structure created by the leaves and the decomposition dynamics of fallen leaves (i.e., detritus) play fundamental roles in the maintenance of consumer diversity and trophic structure by providing an exceptional combination of shelter and food resources (Ogden 1980; Hemminga and Duarte 2000) .
It is reasonably well established that living seagrass tissue is not readily consumed by many consumers, although exceptions exist (Valentine and Heck 1999) , and that the bulk of organic transfer in seagrass and some other aquatic systems to higher trophic levels is via the detrital pathway (Stoner et al. 1995; Wetzel 1995; Vizzini et al. 2002) . The importance and preference of macrodetritus (Stoner and Waite 1991; Stoner et al. 1995 ) and particulate seagrass detritus (Harmelin et al. 1981 ) to a wide variety of primary consumers in seagrass communities substantiate the important link between diversity and detritus (Moore et al. 2004) .
Although attempts to utilize trophic classifications in the analysis of environmental gradients have garnered mixed results (Weston 1990; Savage et al. 2002) , the emerging patterns from this study suggest that distinct functional groups of primary consumers predominate at distinct ranges of anthropogenic nutrient enrichment. The relatively high diversity of mega-invertebrates, specifically specialists, at the low to moderate end of the nutrient enrichment spectrum is thought to be strongly linked to a diversity of resources ex- isting in the detrital pool (macrodetritus, particulate and resuspended forms, and the microbial, fungal, and metazoan community associated with decomposition) and sets the stage for the evolution and maintenance of detritivore diversity (Grall and Chauvaud 2002; Moore et al. 2004) .
We hypothesize that high species diversity at the low to intermediate levels of nutrient enrichment depends on a number of features. Firstly, the primary producers (i.e., seagrass) that form the canopy and generate the majority of the detritus are well represented and of lower edibility (high lignin content) (Cebrian and Duarte 1998) . This largely guarantees the existence of important shelter, substratum for attachment (e.g., epiphytes, eventually adding to detritus), and continued replenishment of a significant, donor-controlled, detrital pool. This in turn contributes to consumer diversity as the detrital pathway necessitates the involvement of a rich array of species and functional groups, the synergistic interactions of which lead to the physical and chemical breakdown of detritus (Moore et al. 2004) . Finally, the relative densities of primary consumers, including those capable of direct producer consumption (i.e., regular urchins), are controlled through competition, predation, and intraguild predation, which prevents runaway consumption or dominance of any particular species or functional group (Polis et al. 1989; Polis and Strong 1996) . The persistence of the seagrass detrital pool benefits many organisms, with detritus (and associated microbial, fungal, and metazoan film) serving as a nutritious food source, as well as shelter for many life history stages, including the extremely vulnerable postplanktonic larvae. It is perhaps then not surprising that with the loss of the seagrass detrital pool, we also see a significant loss of consumer diversity. The highest consumer diversity observed at intermediate levels of enrichment may be explained by a reduction in preferred habitat and food resources for dominate seagrass detritus-epiphyte specialists (i.e., conchs) (Stoner et al. 1995) . At the same time, overall resource diversity increases through nutrient enrichment and associated pelagic production that facilitates a wider range of nonspecialist consumer functional groups that can coexist with reduced densities of specialists.
As nutrient enrichment begins to increase, all seagrasses may initially increase their productivity, including detrital production, with faster-growing, colonizing seagrasses (Syringodium) eventually being out competed by more competitive climax species (Williams 1990; Green and Webber 2003) . The loss of Syringodium may begin to narrow the available resources within the traditional autochthonous pool. However, the potential emergence of macroalgae at intermediate nutrient enrichment may increase the resource pool, which may be a result of partial release from nutrient competition with seagrasses (Williams 1990) . Increases in nutrients have also resulted in changes within the seagrass blade epiphyte community (McGlathery 1995) . Continued input of nutrients may eventually initiate a switch to pelagic (i.e., phytoplankton) dominated production, which ultimately results in light limitations, sediment accretion, and decreased production of all benthic macrophytes (Grall and Chauvaud 2002; Green and Webber 2003; Vadeboncoeur et al. 2003 ). Although we were unable to measure pelagic production directly, our results are consistent with human-induced nutrient enrichment, as documented in a number of empirical studies in macrophyte systems (Grall and Chauvaud 2002; Green and Webber 2003; Vadeboncoeur et al. 2003) .
The decrease in traditional benthic production, including a reduction of the canopy and associated macrodetritus, and the increased availability of phytoplankton and associated particulate detritus (i.e., phytodetritus) may allow the increase in surface deposit, suspension (both in a transitory manner), and relatively stable populations of generalist consumers. This is in light of declines in a number of consumer functional groups (i.e., specialists, subsurface deposit feeders) associated with relatively more pristine seagrass habitats that depend on seagrass detritus (Stoner and Waite 1991; Stoner et al. 1995; Tewfik et al. 2005) . Consumers associated with pristine conditions (i.e., specialists, subsurface deposit feeders) may also significantly contribute to preventing runaway consumption of other species or functional groups, specifically generalist urchins, through competition (Tewfik 2005) and perhaps intraguild predation (Stoner and Waite 1991) . Generalists are successively released over the nutrient gradient and allowed to increasingly erode the macrodetrital pool weakening the macrodetrital-dependent populations. Eventually, at the higher, chronic levels of nutrient enrichment, water quality may be severely impacted where even stress-tolerant or competitive producers (e.g., Thalassia), which facilitated the bulk of production, and consumers have difficulty maintaining themselves. Opportunistic generalists (e.g., urchins) may therefore switch to alternative resources (i.e., phytodetritus) that may be relatively abundant.
Phytodetritus can be a critical resource in both deep and shallow water benthic systems where assimilation by macrofauna contributes significantly to carbon flow and links to higher trophic levels (Levin et al. 1997; Iken et al. 2001; Moodley et al. 2005) . The use of such alternate phytodetrital resources by generalist consumers (i.e., sea urchins) has been previously documented (Harmelin et al. 1981; Iken et al. 2001; Tewfik et al. 2005) . Specifically, the contribution of particulate organic material (POM, including phytoplankton) to the sediment organic material (SOM) pool, determined using mixing models of δ 13 C values of various resources, shifted from 7% to 44% between sites of low (DR6) and high (DR2) nutrient enrichment . Lower visibility and finer sediments (A. Tewfik, personal observation), as well as elevated amounts of SOM (approx. 2.8×) per unit volume of sediment at the high nutrient-enriched site, lends additional support to increasing levels of POM (i.e., phytodetritus) settling to the benthos . Finally, enclosure experiments, using densities as high as 20 urchins·m -2 , indicated little use of either living Thalassia or its detritus at the high nutrientenriched site (DR 2) as compared with intense grazing of these benthic resources at the low nutrient-enriched site (DR 6) (Tewfik 2005) . Therefore, at the higher levels of nutrient enrichment, sea urchins may dominate because of the diminished community of macrodetritus-dependent competitors or intraguild predators and the availability of alternate resources combined with their overall morphological plasticity (Lawrence 1975; Harmelin et al. 1981 ).
In conclusion, Caribbean seagrass food webs impacted by increasing anthropogenic nutrient enrichment show substantial changes including loss of benthic resources (e.g., seagrass canopy, macrodetritus), overall reductions in benthic invertebrate consumer diversity, and a succession of dominant resources and consumer functional groups. Although a number of studies have illustrated the effects of anthropogenic nutrient enrichment on coastal systems (Weston 1990; McClelland and Valiela 1998; Cardoso et al. 2004) , few have shown the progression of community change correlated with nutrient enrichment over such a broad range of sites as depicted here. This may have been facilitated by the examination of a clearly defined community of large, ubiquitous, mega-invertebrate consumers.
Here, we have begun to highlight some potentially powerful mechanisms operating within seagrass communities across a human-induced nutrient gradient. Our results highlight some future directions. Specifically, we hypothesize that the extremely high and relatively stable numbers of opportunistic generalist consumers (i.e., urchins) that mark our two most nutrient-enriched sites may be subsidized indirectly through high levels of nutrients. Such nutrients elevate the production of phytoplankton and associated detritus that are a well-known consequence of eutrophication (Duarte 1995; Cloern 2001; Vadeboncoeur et al. 2003) . The high densities of urchins observed in the simplified communities may significantly restrain recovery of diversity as they consistently suppress both benthic macrophytes and competitive consumers through grazing and intraguild predation.
The importance of allochthonous subsidies has been documented via a number of different pathways in a variety of different systems: macroalgal detritus to desert islands (Polis et al. 1997 ) and submarine canyons (Vetter and Dayton 1999) ; phytoplankton detritus to abyssal plains (Iken et al. 2001) ; and fertilizers and agricultural production to waterfowl migration stopover sites (Jefferies 2000) , often resulting in greatly increased numbers of generalist consumers that may ultimately depress in situ resources. Because of the allochthonous nature of these subsidies, such systems can remain stable even as complexity is lost and a single, large flow of energy dominates the system (Huxel and McCann 1998) . We should expect that further declines in diversity will lead to accelerated simplification of natural systems (McCann 2000) . Finally, although the overgrazing and deforestation of macrophyte-dominated systems has largely been attributed to predator and competition release of urchins as a result of overfishing, the contribution and potential significance of nutrient enrichment, as illustrated in our study, to the persistence of altered conditions should not be ignored.
